A case control study on family history as a risk factor for herpes zoster and associated outcomes, Beijing, China Results: A total of 227 case-patients and 678 matched controls were enrolled. Case-patients were more likely to report a family history of HZ [odds ratio (OR) =2.4, P = 0.002]. Compared with controls, association of family history decreased from HZ with PHN to HZ without PHN (OR = 6.0 and 2.3, respectively; P = 0.002 for trend), from recurrent HZ to primary HZ (OR = 9.4 and 2.2, respectively; P = 0.005 for trend), and from HZ with moderate or severe pain to HZ with mild or no pain (OR = 3.2 and 0.8, respectively; P < 0.001 for trend).
Background
Herpes zoster (HZ) (also called shingles) is caused by the reactivation and replication of the latent varicellazoster virus (VZV) acquired during primary infection (varicella). HZ is usually characterized by unilateral, radicular pain and a vesicular rash generally limited to a single dermatome regulated by the sensory ganglion where the latent VZV reactivated. Though the rash usually heals within two to four weeks, complications from HZ can occur. The most common complication of HZ is postherpetic neuralgia (PHN), generally defined as pain lasting more than 90 days after rash healed. Risk of PHN is very low among persons younger than age 40 but increases with age [1] . HZ frequently occurs on the thoracic and lumbar dermatomes, but the involvement of the eye (HZ ophthalmicus) may lead to serious outcomes and even blindness [2] . Approximately one out three people will develop HZ in their lifetime, and HZ incidence sharply increases after 50 years of age [3, 4] .
Waning of cell-mediated immunity (CMI) is the main known determinant for HZ, and factors associated with decline in CMI against VZV have been linked with HZ; these factors include advanced age, immunosuppression, decreased exposure to varicella, and certain chronic conditions [5, 6] . The racial differences in HZ incidence indicate that host-genetic factors might be a risk factor for HZ [7] . Family history, often called the first genetic test, was found to be associated with HZ in several hospital-based, case control studies that also demonstrated a dose response relationship where the dose was number of relatives who have had HZ [8] [9] [10] [11] [12] . To date, only one study has examined family history of HZ with risk of developing PHN and found no association [13] , and no study has assessed the role of family history for other HZ associated outcomes. To further examine the association of family history with HZ and associated outcomes, we carried out a population-based, matched, case control study in Beijing, China.
Methods

Identification and enrollment of study subjects
From December 2012 to March 2013, a cross-sectional, population survey was conducted to assess HZ disease burden in three districts of Beijing area: Xicheng was located in the urban heart of Beijing, Changping located in the north suburb, and Miyun located further northeast in a rural area. A two-step sampling algorithm was used to identify case-patients for the study. First, for each district, each city was categorized according to the varicella incidence during 2007-2011 into one of three groups (high, medium, and low), with a similar number of cities falling within each stratum. One city was randomly selected from each stratum, therefore, nine cities were sampled; eight agreed to participate. Second, one community/village was randomly selected from each of the eight participating cities. All residents who had lived in the area for at least six months during December 1, 2011 to November 30, 2012 were eligible to be study participants. All eligible participants of the community/village were contacted and interviewed faceto-face until reaching the target of 15,000 participants per community/village. The adjacent community/village would be enrolled if the first community/village had less than 15,000 participants enrolled in each city. An HZ case was defined as: 1) a diagnosis of HZ made by a medical provider (confirmed by review of medical records), or 2) if care was not sought, self-diagnosis of HZ based on the presence of clustered blisters on one dermatome with pain, itch, and hypersensitivity, during December 1, 2011 and November 30, 2012.
For each identified case-patient, three, age-matched (±5 years) controls were randomly selected from the residents who had never had HZ and who lived in the same community or village as the case-patient.
Data collection
Both case-patients and controls were interviewed using a standard form that collected data on sociodemographic characteristics and chronic conditions. Further information on HZ characteristics was collected from the casepatients, including the date of rash onset, whether they had a prior episode of HZ (recurrent HZ), pain severity (no or mild pain, moderate pain with little limitation of daily activities, and severe pain with important limitation of daily activities), and duration of pain after rash healed. PHN was defined as pain persisting 90 days or more after HZ rash healed [14] . Data on family history of HZ were collected for both case-patients and controls and included whether the subjects were aware of any family members/ relatives who ever had HZ and the relationship to the subject interviewed, which was used to determine the degree of blood relation (first degree vs. non-first degree relative).
Statistical analyses
Conditional logistic regression was used to assess the association of family history with HZ. We also examined the association of family history with HZ associated outcomes such as recurrent or primary HZ, HZ with different pain severity, or HZ with and without PHN. Since HZ is more likely to occur in females, the associations of family history with HZ were further examined in males and females, respectively. To maximize the accuracy of family history data, we restricted the analysis to first degree relatives only (defined as parents, offspring, and siblings) considering that reports of HZ occurrence among the first degree relatives were less subject to recall bias (because of more and closer interactions) and to information bias (subjects were more likely to be aware of occurrence of HZ among first degree relatives). Subjects who reported only a non-first degree relative with HZ were classified as not having a family history of HZ (6 case-patients and 6 controls).
The distribution of categorical or continuous sociodemographic factors between cases and controls were examined with Mantel-Haenszel chi-square or student t-test, respectively. The trend test was used to assess the association of family history with different HZ outcomes with multiple levels (e.g., dose response), such as primary and recurrent HZ, HZ with and without PHN, and HZ with different pain severities. All analyses were performed with SAS version 9.3 (SAS Inc., Cary, NC).
Beijing Center for Disease Control and Prevention Ethics Committee on Human Subjects reviewed and approved the project.
Results
Characteristics of study subjects
A total of 905 subjects (227 case-patients and 678 age matched controls) were enrolled. The median age of subjects was 54.4 years (range: 11.1-85.5 years) and more than half were female (486, 53.7%). The majority of subjects were local residents (799, 88.4%), had less than high school education (604, 66.7%), were farmers (483, 53.4%) and had no underlying medical conditions (718, 79.3%). Among those with underlying medical conditions, hypertension was the most common condition (108, 57.8%), followed by diabetes (43, 23.0%) and cardiovascular disease (18, 9.6%). One subject had an organ transplant, one had uremia, one had cancer, and one was on immunosuppressive medication. There were no differences between casepatients and controls with respect to sociodemographic and medical characteristics (Table 1 ). For HZ case-patients, the median duration of pain was 20 days (range: 1-365 days), and the majority of HZ patients had moderate or severe pain (160, 70.5%); 11 (4.8%) developed PHN. HZ case-patients with PHN did not differ from those without PHN by age (P = 0.13), sex (P = 0.35), or underlying medical conditions (P = 1.0). A total of 26 subjects (11.5%) experienced recurrent HZ. There was no difference between case-patients with primary and recurrent HZ by age (P = 0.40), sex (P = 0.28), or underlying medical conditions (P = 0.15). A total of 18 (7.9%) HZ case-patients were self-diagnosed with no difference between self- diagnosed HZ and HZ diagnosed by medical providers by age (P = 0.17), sex (P = 0.62), or underlying medical conditions (P = 0.38).
Family history and HZ and associated outcomes
Overall, HZ case-patients were 2.4 times more likely to report a family history of HZ (among the first degree relatives) than their matched controls (P = 0.002) ( Table 2 ). The strength of association between family history and risk of HZ in males was almost twice that of females (3.3 vs. 1.7) ( Table 3 ). There were only two case-patients with PHN and family history of HZ. Compared with the controls, case-patients with PHN were six times more likely to report a family history of HZ, though not statistically significant (P = 0.14), and case-patients with HZ without PHN were 2.3 times more likely to report family history (P = 0.006). In addition, case-patients with recurrent HZ were nine times more likely to report a family history (P = 0.05), while case-patients with primary HZ were around two times more likely to report a family history when compared with controls (P = 0.01 and P < 0.001 trend). Furthermore, compared with controls, HZ casepatients with moderate or severe pain were three times more likely to report a family history of HZ (P < 0.001), while no difference was found for case-patients with mild or no pain (P = 0.72) ( Table 2) . We did not examine the association of having more than one relative with HZ due to lack of data; there were only one case-patient and four controls who reported family history of HZ in more than one relative.
Discussion
Our study provides further evidence that family history is associated with HZ. Additionally, we found that association of family history of HZ was stronger among recurrent HZ, HZ with PHN, HZ with moderate or severe pain, and males. The strength of the association between family history and HZ in our study (OR = 2.4) is in the range of reported strength of association between family history and HZ from five other case control studies, three from the US and one from Iran and France (OR ranging from 1.7 to 6.6), even though hospital controls were used for all these five studies [8] [9] [10] [11] [12] Some of these studies examined the association of first degree relatives and found the strength of association ranged from 1.9 to 4.9 [8] [9] [10] 12 ], but they were inconsistent on the association of non-first degree relative with HZ, range from no association [12] to strong association (OR = 4.3 and 4.8, respectively) [9, 10] . Albeit consensus has been reached on the association of family history and HZ [15] , no study examined the strength of association in different races (as an indicator for differences in genetic predisposition), even though racial differences in HZ incidence are well documented [7] . More studies are needed to examine the effect of family history in HZ by race.
We also found a family history of HZ was more strongly associated with recurrent HZ than primary HZ. This finding may indicate that those with recurrent HZ have a higher genetic predisposition for HZ. There are reports on genetic susceptibility for other recurrent infections such as upper respiratory tract infections and genital chlamydia infection [16, 17] , in which the same immunogenetic factors as reported for HZ occurrence (IL-10 polymorphism) were implicated [18, 19] . The proportion of recurrent HZ among case-patients in our study were similar to reoccurrence in other studies that also used self-reported HZ [20] .
In addition, we found that family history was more strongly associated with HZ with moderate or severe pain than with mild or no pain. HZ-related pain intensity was associated with the duration of HZ-related pain [21, 22] , with longer duration of HZ-related pain linked to increased risk of recurrent HZ [23] . As in a previous report [13] , we did not detect a statistically significant association between family history of HZ and PHN, but the strong association we found amongst the small number of PHN case-patients in our study warrant further study with a sufficient sample size, not to mention the scarcity of assessment on family history in PHN. In addition, we found effect modification by sex on family history association with HZ, with family history having a stronger effect on HZ risk in males [24] . Further studies are needed to verify the effect of sex on the association of family history and HZ risk. Several limitations should be taken into account when interpreting the results of our study. Recall bias regarding family members with HZ might be differential between cases and controls. We attempted to minimize the recall bias by restricting the analysis to first-degree relatives; however, this bias is hard to eliminate. We included self-diagnosed HZ which could potentially increase the misclassification of HZ and weaken the association of family history with HZ risk. However, the proportion of self-diagnosed HZ was low and it has been found that self-reported HZ had high consistency with physician diagnosis in other populations [25] . Another limitation of using only first-degree relatives to define family history was that it reduced the number of relatives with family history, and made us unable to assess a dose-response relationship by the number of family members with a family history of HZ as in prior reports.
Conclusions
In summary, our study found that family history of HZ was associated with HZ occurrence. We also found that a family history of HZ was more strongly associated with recurrent HZ than primary HZ and HZ with moderate or severe pain than with no or mild pain. Given the availability of effective HZ vaccines [21, 26] , vaccination of persons with risk factors for HZ or more severe HZ may be an important approach to either prevent HZ or limit suffering in these patients. Availability of data and materials Data supporting our findings is contained within the manuscript; any additional data will be shared upon request.
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